Abstract. Hepatocellular carcinoma (HCC) is a serious threat to human health. Chemotherapy drugs such as cisplatin are widely used in cancer treatment, but can cause severe side effects. Hydroxyl safflower yellow A (HSYA) is a water-soluble chalcone glycoside substance extracted from safflowers (Carthamus tinctorius L.) that has been reported to inhibit tumor growth with few side effects. The tumor immune microenvironment is crucial for the proliferation and invasiveness of tumor cells, and it is mediated by forkhead box P3-positive (FOXP3 + ) regulatory T cells (Tregs) and retinoic acid receptor-related orphan receptor-γ (RORγ)-expressing Th17 cells. FOXP3 + Tregs inhibit immunoreaction and FOXP3 is a key indicator of Tregs. RORγ isoform 2, also known as RORγt, is an important transcription factor in Th17 cells that may promote cancer progression. In the present study, the antitumor effect of HSYA on HCC was investigated, as well as its impact on the tumor immune microenvironment. Following the establishment of a mouse model for HCC, hematoxylin and eosin staining were performed to observe histological changes in liver tumors, and the spleen and thymus were weighed to calculate the spleen and thymus indexes. The proportion of FOXP3 + Tregs in the spleen was determined by flow cytometry, and expression levels of Foxp3 and Rorγt were examined by reverse transcription-quantitative polymerase chain reaction and western blot analysis. The results of the present study showed that cisplatin inhibited tumor growth, caused weight loss and reduced the immunoreactivity of the mice. HSYA inhibited tumor growth without causing significant weight loss. The proportion of FOXP3-expressing Tregs in the spleen and the expression of Foxp3 and Rorγt mRNA decreased following treatment with certain doses of HSYA. In conclusion, HSYA inhibited tumor growth without detrimental effects on the weight of the mice, indicating that HSYA may be suitable as a novel therapy for HCC patients.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common types of cancer of the digestive system. HCC is the third most common cause of cancer-associated mortality worldwide (1) (2) (3) (4) , and the second in China (5) . Surgery is the preferred treatment for HCC, while chemotherapy is applied in cases of unresectable HCC (6) . A poor prognosis and high mortality rate continue to be associated with HCC. The tendency of intrahepatic metastasis in the early stages means that HCC is frequently not identified while it remains resectable (7) . Damage to the immune system following radiotherapy and chemotherapy further increases the difficulty in the rehabilitation of patients (8) .
Cancer is determined not only by the genetic composition of the tumor cells, but also by the surrounding environment, which supports the growth, proliferation and metastasis of tumor cells (9) . While a significant body of research has focused on the characteristics and mechanisms of HCC cells, the role of the tumor microenvironment in HCC is largely unknown. Certain immune cells in the tumor microenvironment directly promote the growth of tumor cells. Macrophages can produce insulin-like growth factor-1 to activate the extracellular signal-regulated kinase and protein kinase B pathways in lung cancer, directly stimulating tumor proliferation and growth (10) . Moreover, regulatory T cells (Tregs) can significantly increase the invasive ability of cancer cells and inhibit the antitumor immune response in ovarian cancer (11) . The extent of forkhead box P3-positive (FOXP3 + ) Treg infiltration in HCC tissue is associated with high-grade, poorly differentiated tumors, and may be indicative of a poor prognosis (12) . Th17 is a type of helper T cell produced by differentiation from Th0 cells upon stimulation with interleukin (IL)-6 and IL-23. Th17 cells secrete proinflammatory factors, including IL-17 and IL-22; and retinoic acid receptor-related orphan receptor-γ (RORγ), especially the isoform RORγ2 (also known as RORγt), is an important transcription factor in this process (13) . High expression of IL-17 and IL-17 receptors is associated with a poor prognosis in patients with HCC (14) .
Cisplatin is one of the most commonly used and effective anticancer chemotherapy drugs, but it is associated with severe tissue damage and other adverse reactions (15) . Previous studies have indicated that cisplatin has higher efficacy and fewer side effects when used in combination with other anticancer drugs (16) . Moreover, herbs from traditional Chinese medicines have been reported to improve the immune response of patients with HCC (17) .
Herbs, including safflower (Carthamus tinctorius L.), have been demonstrated to promote blood circulation and remove blockages to treat menstrual disorders, trauma, joint pain and abdominal masses in traditional Chinese medicine (18, 19) . The main active component of safflower is hydroxyl safflower yellow A (HSYA). Recently, HSYA has been found to attenuate the apoptosis of peripheral blood T lymphocytes positive for T-cell surface glycoprotein CD4 (CD4) in a murine model of sepsis, to inhibit the proliferation and metastasis of tumor cells and tumor angiogenesis, and to induce tumor cell apoptosis (20) (21) (22) (23) (24) . Furthermore, HSYA treatment has been demonstrated to decrease the expression of matrix metalloproteinase and hypoxia inducible factor 1α in mice with xenograft tumors (25, 26) .
In the present study, the potential anticancer effect of HSYA on the tumor immune microenvironment in HCC was investigated. Following the establishment of an HCC model in BALB/c mice, the anticancer effect of HSYA at varying concentrations was evaluated, the Treg ratio in the spleen was assessed and the expression of several crucial molecules in the tumor microenvironment was measured. We hypothesized that HSYA treatment would have anticancer effects and low toxicity in mouse HCC, highlighting the potential of this compound in cancer therapy.
Materials and methods
Reagents. HSYA (purity ≥95%) was purchased from China Pharmaceutical and Biological Products (Beijing, China). Cisplatin was purchased from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany; product number, P4394; concentration ≤100%). fetal bovine serum (FBS) was obtained from Hyclone; GE Healthcare Life Sciences (Logan, UT, USA), high glucose-DMEM from Gibco; Thermo Fisher Scientific, Inc., (Waltham, MA, USA) and the Mouse Regulatory T Cell 7 cells/ml. BALB/c mice were acclimated to their surroundings for 7 days and fasted for 12 h. Anesthesia was then induced by isoflurane inhalation (2-4%) and preoperative subcutaneous application of buprenorphine (0.1 mg/kg) (27) . Following anesthesia, the mice were placed on a plate in the supine position and their fur was removed. Subsequent to sterilization with iodine, a laparotomy was performed along the linea alba, exposing the abdominal cavity. Light pressure was applied to the thoracic cavity to expose the mouse liver. A microsyringe was used to inject 1x10 6 Hepa1-6 cells into the surface of the proximal body of the liver, while the mice in the control group were injected with an equal volume of normal saline. The syringe tip was inserted ~1 cm into the liver at a 15˚-angle. A total of 25 µl of the cell suspension was injected slowly. The needle was slowly withdrawn, pressure was applied for a moment with a sterile cotton swab and then the liver was reinserted into the abdominal cavity. The abdomen was closed and the wound was disinfected. All mice were sacrificed 11 days later by cervical dislocation. Following laparotomy, a tumor could be observed in the liver, indicating the success of establishing the model.
Animal grouping.
In total, 70 mice were randomly divided into 7 groups (n=10). Subsequent to receiving an injection of Hepa1-6 cells (saline for the control group) into the liver on day 1, the mice were treated as follows: The control group and model group were injected intraperitoneally with 0.2 ml normal saline twice per day. The high-, medium-and low-dose groups received intraperitoneal injections of HSYA at 2.25, 1.13 and 0.57 mg/kg twice per day, respectively. These doses were selected using preliminary experimental results. The cisplatin group received an intraperitoneal injection of 5 mg/kg cisplatin once every 2 days at a fixed time in the morning, and the combination group received an intraperitoneal injection of 0.57 mg/kg HSYA twice per day, plus 5 mg/kg cisplatin once every 2 days. After 11 days, all mice were sacrificed.
Histological examination. Tumors were excised and fixed in 4% paraformaldehyde for 48 h at room temperature, rinsed with water, dehydrated with gradient ethanol and embedded in paraffin at 56˚C. The slices were cut into 4-µm layers and stained with hematoxylin for 5 min and subsequently, with eosin for 1 min at room temperature. Pathological changes to the tumor tissue was observed under an optical microscope (Olympus Corporation, Tokyo, Japan).
Weight and index calculation. The body weights of the mice were recorded every 2 days. Subsequent to sacrifice, the spleen and thymus were aseptically removed and weighed, and the spleen and thymus indexes were calculated as follows: Spleen index=spleen weight (mg)/mouse weight (g) x 10; and thymus index=thymus weight (mg)/mouse weight (g) x 10. The spleen and thymus index reflect the weight of the spleen and thymus, which are related to the number of immune cells contained within. An increasing index indicates enhanced immunity (28) .
Flow cytometry. The Treg ratio in the spleen was assessed by flow cytometry according to the protocol of the Mouse Regulatory T Cell Staining kit. Briefly, a suspension of spleen cells (1x10 7 cells/ml) was prepared by grinding, filtering and washing the spleen samples with PBS. A total of 100 µl cell suspension was added to each flow tube. Anti-mouse CD4 (0.25 µl) and anti-mouse IL-2 receptor subunit α CD25 (CD25) (0.3 µl) antibodies were added and incubated for 60 min at 4˚C. The cells were then washed and lysed. Fc block (1 µl) was added and incubated for 15 min at room temperature. Next, anti-mouse FOXP3 antibody (2.0 µl) was added. Following incubation at room temperature for 60 min, the cells were washed and analyzed using a flow cytometer (BD Biosciences, San Jose, CA, USA). FlowJo software, version 10 (FlowJo LLC, Ashland, OR, USA) was used to analyze the sample data.
Reverse transcription quantitative-polymerase chain reaction analysis (RT-qPCR).
Total RNA was extracted from tumor samples using the SV Total RNA Isolation system. The reverse transcription reaction was performed as follows: Firstly, the reaction mixture (3 µg total RNA, Oligo (dT), nuclease-free water) was incubated at 95˚C for 5 min, and immediately placed on ice; secondly, the RT reaction was performed at 42˚C for 60 min, and at 75˚C for 15 min in a 20 µl volume with 3 µg total RNA, dNTPs, Oligo (dT), RNasin ribonuclease inhibitor, Moloney murine leukemia virus (M-MLV) reverse transcriptase, 5X reverse transcriptase buffer and nuclease-free water. qPCR was performed with a CFX96 Real Time-PCR system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) in a 20 µl reaction volume of 2 µl cDNA, 1 µl primer, 7 µl nuclease-free water and 10 µl SYBR Green mix. The sequences of the PCR primers were as follows: Foxp3 forward, 5'-CTG CCT TGG TAC ATT CGT GAAC-3' and reverse, 5'-ATG TTG TGG GTG AGT GCT TTG-3'; Rorγt forward, 5'-GCT CTG CCA GAA TGA CCA GA-3' and reverse, 5'-CAG CTC CAC ACC ACC GTA TT-3'; and β-actin forward, 5'-CCA GCC TTC CTT CTT GGG TATG-3' and reverse, 5'-TGT TGG CAT AGA GGT CTT TAC GG-3'. PCR was performed as follows: Denaturation at 95˚C for 10 min, followed by 39 cycles at 95˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec. Melting curve analysis was performed to measure the specificity of the PCR products. Expression was calculated using the 2 -ΔΔCq method (29) , relative to β-actin.
Western blot analysis. Protein was isolated from tumor tissue by routine methods with radioimmunoprecipitation assay buffer (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) and quantified using the BCA method. The protein was separated by 10% SDS-PAGE (30 µg protein/lane), and transferred to polyvinylidene fluoride membranes (EMD Millipore, Bedford, MA, USA). The membranes were blocked with 5% skimmed milk [1 g skimmed milk powder in 20 ml TBS with 1% Tween (TBST)] overnight. The membrane was then incubated with unconjugated rabbit anti-mouse primary antibodies against FOXP3 + and RORγt at 4˚C overnight (anti-bodies were diluted by TBST at 1:1,000 with 1% sodium azide), washed with TBST 3 times (10 min each), incubated with a HRP-conjugated goat-anti-rabbit IgG secondary antibody (cat. no. 7090; Abcam, Cambridge, MA, USA) for 1 h at room temperature and washed again. Finally, the bands were visualized using the SuperEnhanced chemiluminescence detection kit.
Statistical analysis. The experimental data are expressed as the mean ± standard deviation. Multigroup comparisons were performed using one-way analysis of variance and the least significant difference post hoc test. All statistical analyses were performed with SPSS 20.0 statistical software (IBM Corporation, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of HSYA on tumorigenesis and pathological changes in HCC model mice. HE staining was performed to detect pathological changes in the livers of the mice, particularly to observe any alterations in tumor growth. Liver cells of the mice from the control group displayed red-stained circular cytoplasm and blue-stained nuclei, the liver lobular structural integrity was highly ordered, and the largest vein of the liver was cord-like and positioned centrally (Fig. 1A) . A large area of solid tumor tissue was found in the central vasculature in the model group, with tumor cells occurring in clumps (Fig. 1B) . Tumor cells were generally smaller and more deeply stained than the normal adjacent cells. The HSYA high- (Fig. 1C) , middle- (Fig. 1D ) and low- (Fig. 1E) concentration groups, and the cisplatin group (Fig. 1F) all exhibited scattered cancer cell clumps. The number of cancer cells was markedly lower in these groups than in the model group, and only precancerous pathological changes were observed. The liver lobular structural integrity of the mice in the cisplatin group was disordered. In the combination group (Fig. 1G) , scattered liver cancer cells and evidence of precancerous pathological alterations were observed, but the normal structure of the liver cells was more intact. Therefore, HSYA inhibited the proliferation of liver cancer cells and reduced the extent of tissue damage induced by cisplatin.
Effect of HSYA on body weight of HCC model mice.
In order to examine whether HSYA induced adverse effects on mice or reduced the side-effects caused by cisplatin, the body weight of the mice was measured every 2 days. As shown in Table I , the mice treated with cisplatin or a combination of cisplatin and HSYA exhibited a decreasing trend in body weight, while mice treated with HSYA alone gained weight. Compared with that of the control group, the body weight of the model group increased, which may have been caused by tumor growth. The body weight of the HSYA groups was not significantly different to the body weight of the model group, while the weight of the mice in the cisplatin group was significantly decreased from the 5th day compared with that of the model group (P<0.01). The weight of the mice in the combination group also decreased from the 7th day (P<0.01). Compared with the cisplatin group, the body weight of the mice in the combination group was significantly higher on the 5th day (P<0.05). These results indicate that HSYA treatment did not lead to negative effects on mouse body weight and reduced the extent of weight loss in the mice treated with cisplatin.
Effect of HSYA on the thymus and spleen indexes in HCC model mice.
To investigate whether HSYA protected the immune system from damage by cisplatin treatment, the thymus and spleen indexes were measured as indicators for immunity. The effect of HSYA on the thymus and spleen indexes is displayed in Fig. 2 . Compared with the control group, the thymus and spleen indexes of the model group decreased (P>0.05), whereas compared with the model group, the HSYA groups exhibited an increased thymus index (P<0.05). The effects of middle (1.13 mg/kg) and low (0.57 mg/kg) concentrations of HSYA on the thymus index were particularly significant (P<0.01). However, as for the spleen index, compared with the control group, there was no significant change in the model group and compared with the model group, there was no significant change in the HSYA groups. In the cisplatin and combination groups, the thymus and spleen indexes were significantly decreased (P<0.01). Compared with the cisplatin group, the combination group trended towards an increase in the thymus and spleen indexes, but there was no significant difference. These results indicated that HSYA treatment increased the thymus index of HCC model mice, potentially reflecting an improvement in immunity, whereas HSYA could not rescue the decreased thymus index induced by cisplatin treatment. The control group was treated with saline intraperitoneally for 11 days follwing injection of saline into the liver. All other groups received an injection of Hepa1-6 cells into the liver, followed by: (B) saline (model group); (C) 2.25 mg/kg HSYA (high-dose group); (D) 1.13 mg/kg HSYA (medium-dose group); (E) 0.57 mg/kg HSYA (low-dose group); (F) 5 mg/kg cisplatin (cisplatin group); or (G) 0.57 mg/kg HSYA and 2.5 mg/kg cisplatin (combination group). Liver tissues were excised and stained with hematoxylin and eosin to view pathological changes (magnification, x100). HSYA, hydroxyl safflower yellow A. The control group was treated with 0.2 ml normal saline for 11 days. For 11 days, following the injection of tumor cells, the model group was treated with 0.2 ml normal saline, the HSYA high-dose group was treated with 0.2 ml 2.25 mg/kg HSYA, the HSYA medium-dose group was treated with 0.2 ml 1.13 mg/kg HSYA and the HSYA low-dose group was treated with 0.2 ml 0.57 mg/kg HSYA. The cisplatin group was treated with 0.2 ml 5 mg/kg cisplatin and the combination group was treated with 0. in the model group, the expression of FOXP3 protein in the HSYA groups was decreased, which was most evident for the middle-concentration group (1.13 mg/kg) (Fig. 5) . The middleand low-concentration groups also induced a reduction in RORγt protein expression. These results indicated that HSYA treatment decreases the expression of FOXP3 and RORγt protein, two important modulators of the tumor immune microenvironment. Therefore, HSYA treatment may improve the tumor immune microenvironment of HCC model mice.
Discussion
HSYA has been demonstrated to protect cardiovascular, cerebrovascular and nerve cells, and to prevent inflammation, oxidation and tumors (30) (31) (32) (33) . As aforementioned, cisplatin is one of the most commonly used cancer chemotherapy drugs. Cisplatin inhibits DNA replication in cancer cells and damages the structure of cancer cell membranes, but its harmful side effects limit its use. Studies have revealed that combining traditional Chinese medicine with cisplatin may enhance its antitumor effect (34, 35) . Park et al (36) found that cisplatin combined with HemoHIM, a preparation of three herbs, not only significantly reduced tumor volumes, but also enhanced the activity of interferon-γ and IL-2, and increased the ratio of cytotoxic T cells and natural killer cells in the spleen of mice. The spleen and thymus are important organs for immune surveillance. Therefore, the spleen and thymus indexes are two important indicators for the effect of HSYA on the immune system of mice (37) . An increasing index indicates enhanced immunity (28) .
In the present study, the pathological results demonstrated that the number of cancer cells was reduced following treatment with HSYA, with the effect of 1.13 mg/kg being the most apparent, indicating that HSYA inhibited tumor growth most effectively at this concentration. In the cisplatin and HSYA combined therapy group, the number of cancer cells was reduced more than in the cisplatin alone group, and the extent of liver injury was reduced, indicating that HSYA could enhance the anticancer effect of cisplatin, and reduce liver tissue damage due to cisplatin chemotherapy. The body weight and thymus index of mice receiving HSYA tended to increase compared with the model group, while mice receiving cisplatin exhibited a reduced weight, thymus and spleen index. This indicated that cisplatin treatment has a negative effect on the physical condition of mice and their immune system, whereas HSYA did not affect the weight of HCC model mice. Moreover, at a certain concentration, HSYA improved the immunity of HCC model mice, as well as reducing cisplatin chemotherapy-induced weight loss.
Tregs inhibit antitumor immune responses and FOXP3 is an inhibitory transcription factor within them (38) . It was previously illustrated that Tregs are enriched in HCC tissue (39 HCC recurrence and survival (40) . Reducing the proportion of Tregs may inhibit tumor growth by regulating the immunosuppressive state of the tumor microenvironment (41) . Th17 cells are a key component of the inflammatory and immune responses that produce IL-17. In HCC patients, the presence of Th17 cells is negatively associated with the overall and recurrence-free survival rate (42). Huang et al (43) found that intrahepatic IL-17 + Th17 cells and FOXP3 + Tregs exhibited a synergistic effect, promoting the progress of HCC. RORγt is a Th17 cell-specific transcription factor (13) . A previous study found that the mRNA levels of RORγt and FOXP3 were significantly increased in peripheral blood mononuclear cells from patients with HCC, indicating high Th17 and Treg numbers (44) .
The results of the present study demonstrated that 1.13 mg/kg HSYA significantly reduced the proportion of Tregs in the spleens of HCC model mice, and reduced the expression of Foxp3 and Rorγt in mouse cancer tissue, indicating that HSYA may suppress tumor growth and immune escape by reducing the number of Tregs, potentially reducing inflammation to improve the tumor immune microenvironment and relieving the immunosuppressive state. The specific mechanisms of this effect remain to be studied.
In summary, 1.13 mg/kg HSYA regulated the immune microenvironment of HCC model mice by reducing the proportion of Tregs in the spleen, and the expression of Foxp3 and Rorγt in tumor tissue, enhancing the immunity of mice and reducing the side effects of cisplatin when used at a particular concentration, thus exerting an anticancer effect. However, the immune environment of the body is complex, with a variety of immune factors, and the present study selected a small portion of them to investigate. The effect of HSYA on other important immune factors requires further examination.
